Resolution of chiral phosphate, phosphonate, and phosphinate esters by an enantioselective enzyme library.
An array of 16 enantiomeric pairs of chiral phosphate, phosphonate, and phosphinate esters was used to establish the breadth of the stereoselective discrimination inherent within the bacterial phosphotriesterase and 15 mutant enzymes. For each substrate, the leaving group was 4-hydroxyacetophenone while the other two groups attached to the phosphorus core consisted of an asymmetric mixture of methyl, methoxy, ethyl, ethoxy, isopropoxy, phenyl, phenoxy, cyclohexyl, and cyclohexoxy substituents. For the wild-type enzyme, the relative rates of hydrolysis for the two enantiomers ranged from 3 to 5.4 x 10(5). Various combinations of site-specific mutations within the active site were used to create modified enzymes with alterations in their enantioselective properties. For the single-site mutant enzyme, G60A, the stereoselectivity is enhanced relative to that of the wild-type enzyme by 1-3 orders of magnitude. Additional mutants were obtained where the stereoselectivity is inverted relative to the wild-type enzyme for 13 of the 16 pairs of enantiomers tested for this investigation. The most dramatic example was obtained for the hydrolysis of 4-acetylphenyl methyl phenyl phosphate. The G60A mutant preferentially hydrolyzes the SP-enantiomer by a factor of 3.7 x 10(5). The I106G/F132G/H257Y mutant preferentially hydrolyzes the RP-enantiomer by a factor of 9.7 x 10(2). This represents an enantioselective discrimination of 3.6 x 10(8) between these two mutants, with a total of only four amino acid changes. The rate differential between the two enantiomers for any given mutant enzyme is postulated to be governed by the degree of nonproductive binding within the enzyme active site and stabilization of the transition state. This hypothesis is supported by computational docking of the high-energy, pentavalent form of the substrates to modeled structures of the mutant enzyme; the energies of the docked transition-state analogues qualitatively capture the enantiomeric preferences of the various mutants for the different substrates. These results demonstrate that the catalytic properties of the wild-type phosphotriesterase can be exploited for the kinetic resolution of a wide range of phosphate, phosphonate, and phosphinate esters and that the active site of this enzyme is remarkably amenable to structural perturbations via amino acid substitution.